A. halimus L., (Chenopodiaceae) a monoecious, highly outbreeding, C 4 perennial shrub, is found in semi-arid and arid environments. It is interest because of its tolerance of environmental stresses, its use as a foder shrub for livestock in low rainfall Mediterranean areas (LE HOUÉROU 1992; CIBILIS et al. 1998; ZERVOUDAKIS et al. 1998; HADDIOUI and BAAZIZ 2001) , and is considered as a promising forage plant for large-scale plantings (VALDERRABANO et al. 1996). It has been divided into two subspecies: halimus (diploid, 2n = 2x = 18) and schweinfurthii (tetraploid, 2n = 4x = 36) (FRANCLET & LE HOUÉROU 1971; LE HOUÉROU 1992). The two sub-species show relatively large levels of morphological variability. The base chromosome number in the genus Atriplex is x = 9 (NOBS 1975; MCARTHUR & SANDERSON 1984) with variable ploidy levels occurring in several species. The subspecies are based on differences in morphology, with respect to habit, size, leaf shape and fruit morphology. However the existence of intermediate morphotypes complicates the designation of plants as one or the other subspecies (DAVID et al. 2005). There is little literature concerning nuclear DNA content and ploidy levels in A. halimus L.
INTRODUCTION
A. halimus L., (Chenopodiaceae) a monoecious, highly outbreeding, C 4 perennial shrub, is found in semi-arid and arid environments. It is interest because of its tolerance of environmental stresses, its use as a foder shrub for livestock in low rainfall Mediterranean areas (LE HOUÉROU 1992; CIBILIS et al. 1998; ZERVOUDAKIS et al. 1998; HADDIOUI and BAAZIZ 2001) , and is considered as a promising forage plant for large-scale plantings (VALDERRABANO et al. 1996) . It has been divided into two subspecies: halimus (diploid, 2n = 2x = 18) and schweinfurthii (tetraploid, 2n = 4x = 36) (FRANCLET & LE HOUÉROU 1971; LE HOUÉROU 1992) . The two sub-species show relatively large levels of morphological variability. The base chromosome number in the genus Atriplex is x = 9 (NOBS 1975; MCARTHUR & SANDERSON 1984) with variable ploidy levels occurring in several species. The subspecies are based on differences in morphology, with respect to habit, size, leaf shape and fruit morphology. However the existence of intermediate morphotypes complicates the designation of plants as one or the other subspecies (DAVID et al. 2005) . There is little literature concerning nuclear DNA content and ploidy levels in A. halimus L.
In nature, considerable variation in nuclear DNA content occurs both within and among plant species. Manipulation of ploidy level is an important tool for plant breeding in a number of crops. Estimation of nuclear DNA content is one of the important applications of flow cytometry. Flow cytometry is increasingly employed as the method of choice for determination of nuclear DNA content and ploidy level in plants (GAL-BRAITH et al. 1997) . Compared to conventional chromosome counting flow cytometry turned out to be highly competetive in terms of simplicity, accuracy and costs.
The aim of this work was to estimate nuclear DNA content in A. halimus L. based on flow cytometry. This would allow elucidation of the relationships between ploidy, subspecies, morpholology and edapho-climatic conditions for this important shrub. It would also serve as the basis from which to investigate the phylogenetic relationships within A. halimus L.. Stupicke polni) (20 mg fresh weight each) were prepared together. This tomato cultivar was chosen as the internal standard because preliminary analyses indicated the similarity of its 2C nuclear DNA content (1.96 pg) (DOLEŽEL et al. 1992) to that of A. halimus L.
MATERIAL AND METHODS

Seeds from seven populations of
Leaf material was chopped with a razor blade for 30-60 s, in a plastic Petri dish containing 0.4 mL of extraction buffer (Partec CyStain PI Absolute P Nuclei Extraction Buffer; Partec GMBH, Münster, Germany). The resulting extract was passed through a 30-µm filter into a 3.5-mL plastic tube, to which was then added 1.6mL of Partec CyStain PI Absolute P Staining Buffer, to give final PI and RNase concentrations of 6.3 µg mL -1 and 5.0 µg mL -1 respectively. Samples were kept in darkness for 30 min before analysis by flow cytometry(preliminary assays had shown no effect of storage time on the measurements). All stages of the extraction and staining were performed at 4°C. For cytometry, 20-mW argon ion laser light source (488 nm wavelength) (Model PS9600, LGLaser Technologies GmbH, Kleinosthein, Germany) and RG 590 longpass filter were employed. A. halimus nuclear DNA was estimated by the internal standard method, using the ratio of the A. halimus/tomato G 0 /G 1 peak positions (DOLEŽEL 1997; GALBRAITH 1997) . The precision and linearity of the flow cytometer were checked on a daily basis using 3-µm calibration beads (Partec). The gain of the instrument was adjusted so that the peak representing the G 0 /G 1 nuclei of the internal standard was positioned on channel 100. At least 5000 nuclei were analysed in each sample and the 2C nuclear DNA content of the unknown sample was calculated according to a formula: Sample 2C DNA content = sample peak mean/standard peak mean) x 2C DNA content of standard. The equivalent number of base pairs was calculated assuming that 1pg DNA is equivalent to 965 Mbp (BENNETT et al. 2000) .
RESULTS AND DISCUSSION
Representative histogram of the flow cytometric analyses of the Sidi Bouzid population is shown in Figure 1 . The coefficient of variation (= (100 x standard deviation) / mean) values of A. halimus L. G0/G1 peaks ranged from 1.5 to 4.4%. The results of nuclear DNA content analysis are shown in Table 1 . The nuclear DNA content of populations ranged from 4.92 to 4.97 pg. FRANCLET & LE HOUÉROU (1971) and LE HOUÉROU (1992) divided A. halimus L. into two subspecies, halimus and schweinfurthii. This was based on differences in morphology, with respect to habit, size, leaf shape and fruit morphology. With respect to their morphology, all these populations studied here were tetraploid and correspond to ssp. schweifurthii. HADDIOUI and BAAZIZ (2001) , who studied isozyme polymorphism in A. halimus L., found a high degree of within-population genetic diversity. In the current study, there were no significant differences among plants within populations with respect to nuclear DNA content.
Determination of nuclear DNA content showed that certain populations with morphologies intermediate between those considered typical of ssp. halimus and schweinfurthii were tetraploid. This kind of approach, together with studies of morphology and isoenzyme polymorphism, as well as molecular techniques could be employed on a wider (and more detailed) geographical scale to ascertain the phylogenetic relationships within the species. Flow cytometry is used widely for determining amounts of nuclear DNA content (Lysak et al. 2000) . It can also be used to determine (DNA) ploidy (LYSÁK & DOLEŽEL 1998; EMSHWILLER 2002) , although cytological studies are required for confirmation (BENNETT et al. 2000) . This protocol showed to be convenient (sample preparation is easy), rapid (several hundreds of samples can be analysed in one working day), it dose not require dividing cells, it is non-destructive (one sample can be prepared, e.g., from a few milligrams of leaf tissue), and can detected mixoploidy. Therefore the method is used in different areas ranging from basic research to plant breeding and production.
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Sidi Bouzid G0/G1 : Sidi Bouzid population. Leaf samples were chopped and then stained with propidium iodide using tomato (2c nuclear DNA content 1.96 pg) as internal standard.
